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Features 

m 64K/128K Byte Writable Nonvolatile Memory 

m Low Power CMOS Process 

M Electrical Chip and Block Erase 

• 7.5 Second Maximum Erase Time 
m Electrical Byte Write 

e 1 ms. Maximum, 500 typical 
m Input Latches tor Writing and Erasing 
■ Fast Read Access Time 
M Single High Voltage for Writing and Erasing 
m Flash* EEPROM Cell Technology 
m Ideel tor Low* Cost Program and Data Storage 

• Minimum 100 Cycle Endurance 

e Optional 1 0OO Cycle Endurance Screening 
e Minimum 10 Year Data Retention 

msv± 10% v cc . 

0*C to +70*C Temperature Renge 
m Silicon Signature" and DITrace" 
m Jedec Standard Byte Wide Plnout 

e 32 Pin D.I. P. 

• 32 Pin J- Bend Plastic Leeded Chip Carrier 
Block Diagram 

— >- 



Pin Configuration 



TOP VIEW DUAL-IN-LINE 
PLASTIC LEAOEO CHIP CARRIER TOP VIEW 
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NOTE 1 : A 1 o-A i e POR 48C1 024, 
a 9 _a 15 FOR48CS12. 
A0-A9FOR48C1024, 
Ao-Ag FOR 48C512 

MOTE 2: PIN 2 IS N.C ON THE 48CS12 

SILICON SIGNATURE*. FLASH" and OiTRACE* 
*re registered traaemams of SEEO Ttcnnoiooy. 

■seeo Technology, Incorporated' 
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Pin Names 



Ao.A 8 


COLUMN ADDRESS 1NPUT<48C312) 


A 0 .A$ 


COLUMN AODPESS INPUT (48C1 024) 


A9.A15 


ROW ADDRESS INPUT (48C512) 


Aio-Aie 


ROW AOORESS INPUT (48C 10241 


ci 


CHIP ENABLE 


OE 


OUTPUT ENABLE 


we 


WRITE ENABLE 


1/O0-7 


DATA INPUT (WRITB/OUTPUT (READ) 


N.C 


NO INTERNAL CONNECTION 


Vpp 


WRITE/ERASE INPUT VOLTAGE 
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Description 

The48CS 1 2 and 48C1024 are 512 Kbit and 1024 
Kbit CMOS Flash EEPROMS organized as64Kx8 
and 128K x 8 bits. Built using Seeq's proprietary 
Flash EEPROM single transistor memory celt, they 
feature input latches on address and data inputs 
(or ooth erasing and writing, chip erase and block 
erase capability and a fast byte write. Endurance, 
the number of times a byte can be written, is 
specified as 100 with an optional screen to 
1000 cycles. 

Read 

Reading is accompiished by presenting a valid 
address with chip enable and output enable at V tu 
write enable at V, H , and V^atanyleveL See timing 
waveforms tor AC parameters. 

Erase and Write 

Latches on address, data and control inputs permit 
erasing and writing using normal microprocessor 
bus timing. Address inputs are latched on the fall- 
ing edge of write enable or chip enable, whichever 
is later, while data inputs are latched on the rising 
edge of write enable or chip enable, whichever is 
earlier. The write enable input is noise protected: 
a pulse of less than 20 ns. will not initiate a write or 
erase, in addition, chip enable, output enable and 
write enable must be in the proper state to initiate 
a write or erase. Timing diagrams depict write 
enaole controlled writes: the timing also applies 
to chip enable controlled writes. 

Block Erase 

Block erase erases all bits in a block of the array to 
a logical one. It requires that the Vpp pin be 
brought to a high voltage and a write cycle per- 
formed. The block to be erased is defined by 
address inputs A 9 through A fS iorthe48CS12and 
A fQ through A 1B tor the 48C1024. The data inputs 
must be all ones to begin the erase. Following a 
write of 'FF, the part will wait tor time Tabort to 
allow aborting the erase by writing again. This per- 
mits recovering from an unintentional block erase 
it tor example, in loading a block of data a byte of 
'FF was written. After the Tabort delay the block 
erase will begin. The eras* is accomplished by 
following the erase algorithm in figure 2. V PP can 



be brought to any TTL level or left at high voltage 
after the erase. 

Chip Erase 

Chip erase changes all bits in the memory to a 
logical one. Refer to figure 3 for the chip erase 
algorithm. V PP can be brought to any TTL level or 
left at high voltage after the erase. 

Block and Chip Erase Algorithm 

To reduce the block and chip erase times, a 
software erase algorithm is used. Refer to figures 
2 and 3 tor the block erase and chip erase flow 
charts. 



Byte Write 

A bytewrite is used to change any 1 in a byte to a 0. 
To change a bit in a byte from aOtoat f the byte 
must be erased first via either block erase or 
chip erase. 

Data are organized in these Flash EEPROMs in a 
group of bytes called a block. There are 128 
blocks in both the 48CS12 and the 48C1024. A 
block, which is 51 2 bytes in the 48CS12 and 1024 
bytes inthe 48C1 024, is conceptually like a sector 
on a disk drive. Individual bytes must be written as 
parr of a 6/oc* write algorithm which is detailed in 
figure 1. This algorithm is designed to minimize 
the total time to write a block of data. 
Block* are written by applying a high voltage to 
the Vf p pin and writing individual non-FF bytes in 
sequential order. Each byte write is automatically 
latched on-chip, so that the user can do a norma/ 
microprocessor write cycle and then wait a 
minimum of t wc ns. tor the self-timed write to 
comjWeta Each byte write incrementally pro- 
gram* bits that arm to become a zero. A write loop 
has been completed when all non-FF data tor all 
desired blocks have been written. Following each 
loop, a read-verification is done. It any bytes do 
not verify, another write loop is performed When 
alt bftes read correctly, additional loops are 
performed to insure adequate bit cell margin. The 
total number of loops will vary by device and 
depends on temperature; tow temperature reduces 
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the numoerof loops reou/red Forexample, a typical 
(room temperature) loop count is 4. Blocks need 
not oe written separately: the entire device or any 
comomatton ot blocks can be written using the 
write algorithm. 

Because bytes can only be written as part ot a 
block write, if data is to be added to a partially 
written block or one or more bytes in a block must 
becnanged the contents ot the block must first be 
read into system RAM; the bytes can then be 
added to the block ot data in RAM and the block 
written using the block write algorithm. 

Power Up/Down Protection 

These two devices contain a Vcc sense circuit 
which disables internal erase and write 
operations wnen V cc is below 3.5 volts, in addition, 
erases and writes are prevented when any control 
input (CE 0£ WE} is in the wrong state tor writing 
or erasing (see mode table). 

High Voltage Input Protection 

The V 0 p oin is at a high voltage tor writing and 
erasing. There is an absolute maximum specif ica* 
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tion which must not be exceeded even briefly, or 
permanent device damage may result To 
minimize switching transients on this pin we 
recommend using a minimum 0.1 ut decoupling 
capacitor with good high frequency response 
connected from Vppto ground at each device. In 
addition, sufficient bulk capacitance should be 
provided to minimize Vp» voltage sag when a 
device goes from standby to a write or erase cycle. 

Silicon Signature* 

A row ot fixed ROM Is present in the 48CS12 and 
48C1024 which contains the device's Silicon 
Signature*. Silicon Signature" contains data 
which identifies Seeq as the manufacturer and 
gives the product code. This allows device pro- 
grammars to match the programming specification 
against the product which is to be programmed. 

Silicon Signature" Is read by raising address A 9 to 
12 ± 0.5 V. and bringing ail other address inputs 
plus chip enable and output enable to V !L with V cc 
at S V. The two Silicon Signature* bytes are selec- 
ted by address input Ay Silicon Signature" Is 
functional at room temperature only (25 O 



Silicon Signature" Bytes 





Ao 


Data (Hei) 


Seoa Cooe 




94 


Proauc: cooei48C5t2) 


V, M 


1A 


Ptoauct coae(48Cl024> 


Vm 


1C 



Mode Selection Table 



MODE 


CE 


OE 


WE 




*S-1S 
*fO~1S 


Afr* 
*0-S 


OO-T 


Read 




V* 


VfM 


X 


Address 


Address 


OOUT 


Stanaov 


VtH 


X 


X 


X 


X 


X 


HhZ 


Byie write 


VlL 


VfM 


VlL 


V* 


Address 


Address 


On, 


Chio erase setect 


Vn. 


VlH 


Vn. 


TTL 


X 


X 


X 


Chio erase 


Vn. 


V,H 


VfU 


V* 


X 


X 


•FF 


Bloc* erase 




Vm 




V* 


Address 


X 


'FF 



seeo Technology, Incorporeted 

UD40C032/- 1-93 



S;dC512/48C1024 

ADVANCE DATA SHEET 



DC Operating Characteristics 

Over me Vcc » nd temperature range 







Limits 




Syrnool 


Parameter 


Mln. 


Max. 


Unit 


Teat Condition 


llM 


input leakage ntgn 




1 


tfA 


V, N « v cc 


'■L 


inout leakage low 




-i 


oA 


V,n» 0.1 v 




Outout leakage 




10 


mA 


V,h - Vcc 


vp 


Program/ erase voltage 


11.3 


1 2.5 


V 






VW voltage during read 


n 

w 


Vp 


V 




i _ 
l»# 


\Jm current 

V p WW* • W • * 

Standby mode 
Read moae 
Byte wnte 
Eraae 




200 
200 
40 
60 


MA 
mA 
mA 
mA 


CE - V,m. Vpp- Vp 
CE* V (U V»#8 v» 
V**« Vp 
V#f« v» 




Standby V C c current 




100 


mA 


CE - v cc - 3 


Iccj 


Standby V C c current 




s 


mA 


CE * Vim mm. 


'CCi 


Active Vcc current 




60 


mA 


CE - V tL 


V,L 


input low voltage 


-0.3 


0.8 


V 




V (H 


input hign voltage 


2.0 


VCC+.3 


V 




Vol 


Output tow voltage 




0.45 


V 


lot* 2.1 ma 


V 0 Hi 


Outout leveMTTL) 


2.4 




V 


Ioh - -400 mA 


Voh, 


Output teveMCMOS) 


VcC-4 




V 


Ioh» -100 #iA 



AC Test Conditions 

Outout load: 1 TTL gate and C(load) = 100 pt 
input rise and fait times: < 20 ns. 
Input pulse levels: 0.45 V fo 2.4 V 
Timing measurement reference level: 

inputs 1 V and 2 V 

Outputs 0.8 V and 2 V 



in AC cn.mcfnat.cx all inout. to the device. e.g. setup t.ma hold time andcycte t.m* are t.ouiated... ^""^ 

v,d« • v..,d state on that .nout or ~a.t tor the stated m.n.mum t.me to aaaure orooer ooeratioa All outputs from the aevioa. e»a. acceaa time, 

erase t.ma recovery t.me. are (adulated as a maaimum t.mt tne device w.H perform the operation w.th.n the stated time, 

Adv.nc. Data ShMti con?™ target oroduct soec.ticatton. wmch ar. .uoiect to change upon device cnaractenzatwnoverthe lull .oecrtled 

temoer.tur. range. These speculation, may oe changed at any time, without notice. 
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Absolute Maximum Stress Ratings 



Temoerature: 

Storage -65'C to +150*C 

Unaer o/as -fO*C to +85 # C 

All Inputs except V 0Q and 
outputs with Respect to V ss . 

V PP pm with respect to V ss . 



+6Vto -0.3 V 
14 V 



ES.D. Characteristics 



Symool 


Parameter 


Value 


Teat Conditions 


VzaP 


E.&0. Tolerance 


>2000 V 


MIL-STO 883 
Method 3015 



Not*: Charactenzation data — not tested. 



Recommended Operating Conditions Capacitance 111 T*-2ra f-i mhz 





48C512/ 




46C1024 


Vcc suooty voltage 


5V± 10% 


Temoerature range 


0*C to 70*C 




(ambient tema) 



Symbol 


Parameter 


Value 


Teat Condtttona 


Cm 


Input capacitance 


6 pt. 


V,h-0V 


Coot 


Output capacitance 


12 pf. 


Vi,o-OV 



Not* 1 : This parameter is only aampieo and not 1 00% tested 



AC Characteristics 

lover tne Vcc and temperature range) 



READ 



Symbol 


Parameter 


48CXXXX 
-200 


46CXXXX 
-250 


44CXXXX 
-300 


Unit 


kiln. 


Max. 


Mlru 


Mai. 


■tin. 


Max. 


toe 


Read cycle time 


200 




250 




300 




na 


i*a | Address to oata 




200 




250 




300 


na 


t C f | CE to data 




200 




250 




300 


na 


t 0 c | SI to data 




75 




100 




150 


na 


tor- 1 51/CE to oata float 




50 




60 




100 


n » 


(qm 1 Outout noid time 


0 




0 




0 




na 



Read Timing 



I 



I 



\ 
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AC Characteristics BYTE WRITE 

(Over tne Vcc » n d temoersture range) 







40CXXXX 
-200 


44CXXXX 
-250 


4SCX 
~3C 


XXX 
X> 




Symbol 


Re re meter 


Mln. 


Max. 


Mln. 


Max. 


Mln. 


Max. 


Unrt 




V»* eetuo time 


2 




2 


! 


2 






tyPM 


V»» noid time 


250 




250 




250 




*s 


tea 


5E setuo time 


0 




0 




0 




ns 




2E hold time 


0 




. 0 




0 




ns 


tots 


Of setup time 


10 




10 




10 




ns 


tOIH 


OE hold time 


10 




10 




10 




ns 




Adore** tetuo time 


20 




20 




20 




ns 


Uh 


Address hold time 


100 




100 




100 




ne 


to* 


Osts setuo time 


50 




so 




50 




ns 




Dsts hold time 


0 




0 




0 




ns 


Up 


WE outse width 


100 




100 




100 




ns 


twe 


Write cycle time 


100 


150 


100 


150 


100 


150 




tw« 


Wnte recovery time 




1.5 




1.5 




1.S 


ms 



Byte Write Timing 
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AC Characteristics BLOCK ERASE 

(Over tne Vcc temoerature range) 



Symbol 


Perimeter 


46CXXXX 
-230 


48CXXXX 
-300 


4BXXXX 
-350 


Willi 


mm* 


Max* 


Mln. 


Max. 


Mln. 


Max. 


t v »4 | V»» setuo time 






2 




2 




M>S 


tvpw | noid time 


3 WW 




500 




500 




ms 


tcs I CE setuo ttme 


0 




0 




0 




ns 


toes | OE setuo time 


0 




0 




0 




n# 


Us | Address setuo ttme 


20 




20 




20 




ns 


Un 


Address notd time 


100 




100 




100 




na 


tos 


Osts setuo ttme 


50 




50 




50 




ns 


tOM 


Oats noid ttme 


0 




0 




0 




na 


U» | WE outse width 


100 




100 




100 




na 


(CM 


CE hold time 


0 




0 




0 




na 


toEM | OE hold time 


0 




0 




0 




na 




Bloc* erase ttme 




500 




500 




500 


ma 


t*eonT 


BIock erase delay 




250 




250 




250 


ua 



Block Erase Timing 
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AC Characteristics CHIP ERASE 

(Over tne Vqc and temoerature range) 



Symbol 


Parameter 


44CXXXX 
-200 


4BCXXXX 
-250 


46CXXXX 
-300 


unit 


Mln. 


Max. 


Mln. Max. 


Mln. 


Max. 


tvM | V»# setuo time 


2 




2 




2 






tv»H 


hold time 


500 




500 




500 




ma 


tea 


CE setuo time 


0 




0 




0 




na 


toes | OE seiuo time 


0 




0 




0 




na 


tos | Data setuo time 


so 




50 




50 




ns 


Ion I Date noid time 


0 




0 




0 




na 


\w* | WE ouise width 


100 




100 




100 




ns 


ten | CE hold time 


0 




0 




0 




na 


Ioch | OE hold time 


0 




0 




0 




na 


(eaasc 1 Chip ertse time 




500 




500 | 


500 


ma 



Chip Erase Timing 



i'Oo-r 



1 



I — 



<oes 



tin 



•OtM 



7 



X 



DC 
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FIGURE 1 
48C5 12/1 024 WRITE ALGORITHM 



WAIN MOOIIAM 
£NT»Y 











WAIT 1 








IITLOO^. COUNT «i 



CACL SU««OuTlNf 




It. S) 






WAIT Im MS 


i 


vcmrT all 








iNCNIWtNT COOP . COUNT 





OeCMMfNTLOO*. COUNT 




OCVICI **»LtO 



- seeo 
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FIGURE 2 
48CS 12/1 024 

BLOCK ERASE ALGORITHM 



MOMMOOJUM 



ftCT LOOT.COUNT mi 



TO 



==~i 








vcnm 
irntwi 

Aflg I MM 






IVQKf 


SffTLOO 
LOO*_C 


P.OOUWT* 


i 


«aans 









OCVMU PAJLCO 
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FIGURE 3 
48C512/1024 

CHIP ERASE ALGORITHM 



UT LOOP-COUNT 



Am iMMBPrvn 




LOO#_COUNT <Wf 



tNCffflWCNT lOO»-COU«f 






MTLOOP .COUNT* 
LOOP COUNT *a 








CALL SUSNOUTINt 








OCCMMCNT LOOP _ COUNT | 






SUSNOUT1NC INTWY 



TO*MTAOOHfM 



1 HTV»>« 












1CTMM 
AMY AC 


tOdltt 



WWfTY TO 











| •rruuM 
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